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DEVICE, MANUFACTURING METHOD THEREOF, AND ELECTRONIC 
INSTRUMENT WITH THE DEVICE 

BACKGROUND OF THE INVENTION 
[0001] Field of the Invention 

[0002] The present invention relates to a device in which a base component 
is formed on a base plate and a functional film is additionally formed on the base 
component, a manufacturing method thereof, and an electronic instrument. 

[0003] Related Art 

[0004] Recently, a display device such as a liquid crystal display device has 
been extensively used for an electronic instrument such as a cellular phone and a 
portable personal computer. 

[0005] Conventionally, as a color filter substrate used for such display 
device, a substrate having a structure shown in Fig. 1 1 , for example, has been known. 
In Fig. 11, the sign "201" denotes a base plate, and on this base plate 201, respective 
color pixels 202R, 202G, and 202B of R (red), G (green), and B (blue), which constitute 
a color filter, are formed in a predetermined arrangement such as a striped arrangement, 
a mosaic arrangement, and a delta arrangement, and an overcoating film 203 is 
additionally formed thereon. 

[0006] Here, the formation of the overcoating film 203 (over coating layer) 
on the color pixels 202R, 202G, 202B is to allow the overcoating film 203 to perform 
the following functions. 
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[0007] The first function is to prevent disconnection of electrodes formed 
on a surface of the color filter substrate by planarizing the surface of the color filter 
substrate with the formation of the overcoating film 203. 

[0008] The second function is to enable the lamellation and low resistance 
of the electrodes by preventing disconnection, thereby improving contrast ratios 
between pixels. 

[0009] The third function is to prevent the pixels (color pixels 202R, 202G, 
202B) within the color filter substrate from being damaged and to protect them in 
process steps subsequently performed after forming the overcoating film 203. 

[0010] The fourth function is, in the case where the color filter substrate is 
used for a liquid crystal display device, to prevent impurities from diffusing from the 
color filter substrate to the liquid crystal after the liquid crystal is enclosed in the cell 
gap. 

[0011] Conventionally, after forming the plural color pixels 202R, 202G, 
202B of R (red), G (green), B (blue), or C (cyan), M (magenta), Y (yellow), etc. on a 
predetermined area partitioned by a black matrix 204 on the base plate 201, the 
overcoating film 203 having above mentioned functions has been formed thereon, i.e., 
on an entire surface of the black matrix 204 and the color pixels 202R, 202G, 202B, by 
coating liquid transparent resin such as resist in uniform thickness by the spin coating 
technique etc. 

[0012] Further, as a forming method of the color pixels 202R, 202G, 202B, 
which precedes the step of forming the overcoating layer 203, a method for patterning 
color pixel materials in the form of films of respective colors by using the 
photolithography technique has been adopted. 
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[0013] However, in the case where the patterning is performed by using the 
photolithography technique to form respective color pixels, since the steps are 
complicated and the respective color pixel materials, photo resist, etc. are used in large 
quantities, the problem of increased costs occurs. 

[0014] Therefore, in order to solve this problem, a method for discharging 
filter material (color pixel material) etc. in the form of dots by the droplet discharging 
technique (ink jet technique) to arrange and form a component such as color pixels in a 
dotted form is proposed. 

[0015] More specifically, as shown in Fig. 12(a), at first, bank-shaped 
partition members 6 having a predetermined height are formed on a base plate 2. These 
partition members 6 are formed from resin material etc. having liquid repellency to 
liquid filter materials 5 (see Fig. 12(b)) discharged by the droplet discharging 
technique. Alternately, after forming the member, a liquid-repellent film is formed on 
a surface thereof for performing liquid repellency. Then, since the partition members 6 
have liquid repellency to the filter materials 5, the filter materials 5 adjacent to each 
other are prevented from being mixed because the partition members 6 are interposed 
between them, and each of them will independently form a color pixel as shown in fig. 
12(b). 

[0016] As described above, a color filter constituted by the color pixels 3 
(3R, 3G, 3B) can be formed by the droplet discharging technique, as shown in Fig. 
12(c). In addition, a color filter substrate can be fabricated by forming an overcoating 
film 4 on the color pixel 3 (3R, 3G, 3B), as described above and shown in Fig. 12(d). 

[0017] However, by the method as shown in Fig. 12, since the partition 
members 6 have liquid repellency, they also perform liquid repellency to the liquid 
material of the overcoating film 4 coated thereon, as a result, coating irregularities of 
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the liquid material occur on the surface of the partition members 6. Then, since 
irregularities in film thickness occurs in the overcoating film 4, the above-described 
four functions of the overcoating film can not sufficiently be performed, and therefore, 
in a device such as a liquid crystal display device, an inconvenience such as 
degradation of display quality will occur. 

[0018] In addition, other than the overcoating film (over coating layer), 
with respect to a film and a layer provided on various base components formed on a 
base plate such as a planarizing film, an interlayer insulative film, and an alignment 
film used in a liquid crystal display device, it is also desirable that the film (layer) is 
planarized and uniform for the purpose of performing its required functions without 
being affected by irregularities due to base components. 

[0019] The present invention is achieved in light of the above, and an object 
thereof is to planarize a functional film formed on a base component and uniform its 
thickness, thereby providing a device in which a function of the functional film is 
intended to be improved, a manufacturing method thereof, and an electronic 
instrument. 

SUMMARY 

[0020] In order to achieve the object, a device of the present invention is a 
device in which a functional film is formed on a base component of a substrate in which 
the base component is formed on a base plate, and the device is characterized in that a 
lyophilic film having a lyophilic property to liquid forming material for forming the 
functional film is provided on the base component, and the functional film is provided 
on the lyophilic film. 
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[0021] Since the device is constituted by providing the lyophilic film on the 
base component, and on this lyophilic film, the functional film is provided, when the 
liquid forming material for forming the functional film is coated on the lyophilic film, 
the liquid forming material preferably spreads on this lyophilic film because the 
material has good wettability to the lyophilic film, thereby the functional film is 
planarized and made uniform in film thickness by uniformly spreading the material. 
Therefore, according to the device, since the functional film is formed so as to be 
planarized and uniformly thick, functional characteristics of the functional film will be 
preferable. 

[0022] Further, in the above-described device, it is preferred that the 
lyophilic film is formed by performing plasma treatment on the lyophilic film forming 
material under atmospheric pressure or a reduced pressure. 

[0023] By doing this, the lyophilic film has a more preferable lyophilic 
property to the liquid forming material for forming the functional film, and thus, 
planarization and uniformity of the film thickness of the functional film become 
remarkable, thereby the functional characteristics of the functional film will be further 
improved. 

[0024] Furthermore, in the above-described device, it is preferred that the 
lyophilic film is formed by irradiating lyophilic film forming material with an 
electromagnetic wave under atmospheric pressure or a reduced pressure. Note that in 
this case, it is preferable that the electromagnetic wave is an ultraviolet ray. 

[0025] By doing this, an electromagnetic wave irradiation device for 
forming the lyophilic film can be used which is more simple and less expensive than a 
plasma device etc., and therefore, the manufacturing cost can be reduced. In the case 
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where an ultraviolet ray is used as the electromagnetic wave, the manufacturing cost 
will be further reduced since the irradiation device is even less expensive. 

[0026] A manufacturing method of a device of the present invention is a 
manufacturing method of a device for forming a functional film on a base component 
of a substrate in which the base component is formed on a base plate, and the method is 
characterized by forming a lyophilic film having a lyophilic property to a liquid 
forming material for forming the functional film on the base component, and providing 
the functional film on the lyophilic film. 

[0027] According to the manufacturing method of a device, since a 
lyophilic film is formed on a base component, and on this lyophilic film, the functional 
film is provided, when coating the liquid forming material for forming the functional 
film on the lyophilic film, the liquid forming material can preferably be spread on the 
lyophilic film because the liquid forming material has good wettability to the lyophilic 
film, thereby the functional film can be planarized and made uniform in film thickness 
by uniformly spreading the material. Therefore, since the functional film can be 
formed so as to be planarized and uniformly thick, the functional characteristics of the 
functional film will be preferable, thereby the percentage of non-defective products can 
be improved and the time for forming the film can be shortened. 

[0028] Further, in the above-described manufacturing method, it is 
preferred to form the lyophilic film by performing plasma treatment on the lyophilic 
film forming material under atmospheric pressure or a reduced pressure. 

[0029] By doing this, the lyophilic film has a more preferable lyophilic 
property to the liquid forming material for forming the functional film and a 
planarization and uniformity of the film thickness of the functional film become 
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remarkable, thereby the functional characteristics of the functional film will be further 
improved. 

[0030] Furthermore, in the above-described manufacturing method, it is 
preferred to form the lyophilic film by irradiating the lyophilic film forming material 
with an electromagnetic wave under atmospheric pressure or a reduced pressure. Note 
that in this case, it is preferable that the electromagnetic wave is an ultraviolet ray. 

[0031] By doing this, the electromagnetic wave irradiation device for 
forming the lyophilic film is more simple and less expensive than a plasma device etc., 
and therefore, the manufacturing cost can be reduced. In the case where an ultraviolet 
ray is used as the electromagnetic wave, the manufacturing cost can be further reduced 
since the irradiation device is even less expensive. 

[0032] An electronic instrument of the present invention is characterized by 
comprising the above-described device. 

[0033] According to the electronic instrument, since the instrument 
comprises the device in which the function characteristics of the functional film are 
preferable, various functions such as display characteristics will be preferable. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] Fig. 1 is a side sectional view illustrating an example in the case 

where a device of the present invention is applied to a liquid crystal display device. 

[0035] Fig. 2 is a schematic view illustrating an example of a lyophilic film 

forming device. 

[0036] Fig. 3 is a schematic view illustrating an example of an ultraviolet 
irradiation device as an electromagnetic wave treatment device. 
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[0037] Fig. 4 are views illustrating a schematic structure of an atmospheric 
pressure plasma device: Fig. 4 (a) is a side sectional view; and Fig. 4 (b) is a sectional 
view seen from an arrow along A-A line in (a). 

[0038] Fig. 5 is a plan schematic diagram illustrating an example of a wiring 
structure in the case where a device of the present invention is applied to a display. 

[0039] Fig. 6 are views illustrating an example in the case where a device of 
the present invention is applied to a display: Fig 6 (a) is a plan view of the display; and 
Fig 6 (b) is a sectional view seen from an arrow along A-B line in (a). 

[0040] Fig. 7 is a side sectional view of a main part of the display shown in 
Figs. 5 and 6. 

[0041] Fig. 8 is a view illustrating an example of an electronic instrument 
with an optical element of the embodiment. 

[0042] Fig. 9 is a view illustrating an example of an electronic instrument 
with an optical element of the embodiment. 

[0043] Fig. 10 is a view illustrating an example of an electronic instrument 
with an optical element of the embodiment. 

[0044] Fig. 1 1 is a side sectional view of a main part illustrating an example 
of a conventional color filter substrate. 

[0045] Figs. 12 (a) to (d) are side sectional views of a main part for 
explaining an example of a manufacturing method of the color filter substrate in 
sequential steps. 

DETAILED DESCRIPTION 
[0046] Hereinafter, the invention will be described in detail. 
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[0047] In this embodiment, a device of the present invention will be 
described with a liquid crystal display device as a display device with an overcoating 
film that covers a color filter and an alignment film as an example. 

[0048] Fig. 1 shows a liquid crystal display device as a display device, and 
the sign "20" denotes a transflective color liquid crystal display device in the drawing. 
Note that in the following drawings, the film thicknesses of respective components and 
dimensions thereof differ for ease of viewing. 

[0049] The liquid crystal display device 20 has a liquid crystal cell 21 and a 
backlight 22 (lighting device). In the liquid crystal cell 2 1 , a lower base plate 23 and an 
upper base plate 24 are oppositely disposed, and a liquid crystal layer 26, formed of 
nematic liquid crystal etc. having a phase difference set to 7J2 9 for example, 
sandwiched between these upper base plate 24 and the lower base plate 23. The 
backlight 22 is disposed on the rear surface side of the liquid crystal cell 21 (on the 
outer surface side of the lower base plate 23), and the backlight 22 is constituted by 
having a light source 27 of an LED (light emitting diode) etc., a light guiding plate 28, 
and a reflecting plate 29, etc. 

[0050] A transflective layer 33 is formed on an inner surface side of the 
lower base plate 23 made of transparent material such as glass. The lower base plate 23 
is constituted by a transparent plate such as glass, and the transflective layer 33 reflects 
a part of circularly polarized light having a predetermined rotational direction, and 
transmits another part thereof. 

[0051] Lower electrodes 37 of transparent conductive films such as ITO are 
formed in a striped manner on an upper side of the transflective layer 33 on the inner 
surface side of the lower base plate 23, and an alignment film 38 (an alignment film for 
orienting liquid crystal molecules in the liquid crystal layer 26) made of resin such as 
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polyimide is formed thereon via a lyophilic film 15. The lyophilic film 15 is provided 
so that the alignment film 38 serving as a functional film may be planarized and made 
uniform against the lower electrodes 37 as a base component, and the lyophilic film 15 
is formed by material having a lyophilic property with respect to a liquid forming 
material for forming the alignment film 38, for example, a hydrocarbon polymerized 
film such as a polyethylene film. 

[0052] On the other hand, on an inner surface side of the upper base plate 24, 
color pixels 34r, 34g, and 34b including pigments of different colors of R, G and B, for 
example, are provided within areas partitioned by partition members 6, and a color 
filter layer 35 is thereby formed. Note that the partition members 6 are formed by resin 
material etc. having liquid repellency to the forming material of the color filter layer 35, 
as described above, or, after forming the members, a liquid-repellent film is formed on 
the surface thereof for performing liquid repellency. 

[0053] An overcoating film (overcoating layer) 36 is formed on these 
partition members 6 and the color filter layer 35 (color pixels 34r, 34g, and 34b) via a 
lyophilic film 16. The lyophilic film 16 is formed for the same purpose as that of the 
lyophilic film 15 so that the overcoating film 36 serving as a functional film may be 
planarized and made uniform against the partition members 6 and the color filter layer 
35,which are base components. Note that this lyophilic film 16 is also formed by 
lyophilic material, for example, a hydrocarbon polymerized film such as a 
polyethylene film, having a lyophilic property to liquid forming material for forming 
the overcoating film 36. 

[0054] Further, on an inner surface side of the overcoating film 36, upper 
electrodes 39 made of a transparent conductive film such as ITO are formed in a striped 
manner and an alignment film 40 made of resin such as polyimide (alignment film for 
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orienting liquid crystal molecules of the liquid crystal layer 26) is formed thereon via a 
lyophilic film 17. The lyophilic film 17 is provided, with the same purpose of the 
lyophilic film 15, so that the alignment film 40 serving as a functional film may be 
planarized and made uniform against the upper electrodes 39 as a base component, and 
formed of a hydrocarbon polymerized film such as a polyethylene film. 

[0055] Note that, for the electrode structure formed by the lower electrodes 
37 and the upper electrodes 39, one of an active matrix type and a passive matrix type 
using a switching element such as a thin-film transistor (TFT) and a thin film diode 
(TFD) is adopted. N 

[0056] On an outer surface side of the upper base plate 24, an upper wave 
plate 42 and an upper polarization plate 43 (both constitute upper base plate side 
circular polarized light entering means) are provided sequentially from the base plate 
side. On the other hand, on an outer surface side of the lower base plate 23, a lower 
quarter wave plate (lower wave plate) 44 and a lower polarization plate 45 (both 
constitute lower base plate side circular polarized light entering means) are provided 
sequentially from the base plate side. These wave plates 42, 44 and polarization plates 
43, 45 are for allowing the circular polarized light having a predetermined rotational 
direction relative to the liquid crystal layer 26 to enter. Note that, in the case where it is 
especially desirable to add a function of color compensation to the wave plate provided 
on the upper base plate 24 side, the quarter wave plate is not necessarily used and a 
wave plate having any phase difference may be selected. 

[0057] Next, as a manufacturing method of the liquid crystal display device 
20 having the structure described above, the formation of the lyophilic film 1 5 (1 6, 1 7) 
and the functional film (overcoating film 36, alignment films 38, 40) disposed thereon 
will be specifically described. 
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[0058] Fig. 2 is a schematic view illustrating an example of a lyophilic film 
forming device, and this lyophilic film forming device is for forming a lyophilic film 
on the surface of a substrate "S" by turning helium (He) gas including n-decane into 
plasma under atmospheric pressure (or a reduced pressure) and irradiating the substrate 
"S" with the plasma. Here, the base plate 23 (24) on which base components such as a 
color filter layer 35 and electrodes (lower electrodes 37, upper electrodes 39) are 
formed is referred to as the substrate **S." 

[0059] In this lyophilic film forming device, helium gas 51 is introduced at 
a flow rate of 100 seem into n-decane solution stored in a container 52, and bubbled 
(vaporized). The helium gas including n-decane by being bubbled is fed from the 
container 52 to a first electrode 54. By the way, the helium gas 53 is supplied at a flow 
rate of 10 slm to the first electrode 54. 

[0060] Further, a high-frequency voltage having a frequency of 13.56 MHz 
is applied from a high-frequency power supply 56 to the first electrode 54. Here, the 
power supplied from the high-frequency power supply 56 to the first electrode 54 is set 
to 400 W, for example. A stage 58 serving as a second electrode is disposed in a 
position opposite to the first electrode 54. 

[0061] The stage 58 is for mounting and fixing the substrate "S" as a treated 
object thereon, and is movable in the horizontal direction while keeping a 
predetermined distance relative to a lower end of the first electrode 54. The distance 
(gap) between the first electrode 54 and the substrate "S" mounted on the stage (second 
electrode) 58 is set to 1 mm, for example. The movement speed of the stage 58, i.e., the 
conveyance speed of the substrate "S" is set to 0.46 mm/sec, for example. 

[0062] Under the above-described structure, the n-decane vapor within the 
helium gas 55, which has been introduced into the first electrode 54, is excited in a 
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highly activated state in the plasma 57 generated between the electrode 54 to which the 
high-frequency voltage is applied and the stage (second electrode) 58, and additionally 
polymerized. Then a hydrocarbon polymerized film such as polyethylene is formed by 
the polymerization to cover the base components on an upper surface of the substrate 
"S," and becomes a lyophilic film 15 (16, 17). Note that, since the substrate "S" is 
moved together with the stage 58 in the horizontal direction, the lyophilic film 15 (16, 
17) is formed on the entire surface of the substrate "S." 

[0063] Here, with respect to a film thickness of such lyophilic film 15 (16, 
17), since the function thereof is enough only to perform a lyophilic property, the film 
thickness is not necessarily made especially thick and may be formed in a thin 
thickness on the order between lnm to lOOnm. 

[0064] After the formation of the lyophilic film 15 (16, 17) as described 
above, a functional film, i.e., the overcoating film 36 or the alignment film 38 (40) is 
formed on the lyophilic film 15 (16, 17). The overcoating film 36 is formed by using 
liquid material in which resin selected from acrylic resin, epoxy resin, imidic resin, 
fluoric resin, etc. is dissolved in a solvent such as glycolic solvent or dispersed in a 
dispersion medium, as a forming material thereof, and the overcoating film is formed 
by coating these with the spin coating technique, the droplet discharging technique, and 
the cap coat technique, etc., and subsequently performing drying and baking. The 
alignment film 38 (40) is formed by using liquid material in which polyimidic resin, for 
example, is dissolved in a solvent or dispersed in a dispersion medium, as a forming 
material thereof, and the alignment film is formed by coating these with the spin 
coating technique, the droplet discharging technique, and the cap coat technique, etc., 
and subsequently by performing drying and baking. 
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[0065] In the case where the lyophilic film 1 5 ( 1 6, 1 7) is formed on the base 
components and the overcoating film 36 and the alignment film 38 (40) are 
additionally formed as functional films thereon, as described above, when the forming 
material of the functional films are coated on the lyophilic film 15 (16, 17), since the 
forming material has good wettability to the lyophilic film 15 (16, 17), the forming 
material preferably spreads on the lyophilic film 15 (16, 17), thereby the forming 
material becomes sufficiently and preferably planarized while being hardly affected by 
irregularities of the base components. Further, since the forming material has good 
wettability and preferably spreads, when the base surface is at the same level, the 
functional film will be formed with a common thickness, i.e., having a uniform 
thickness. 

[0066] Therefore, since the overcoating film 36 is provided on the partition 
members 6 and the color filter layer 35 via the lyophilic film 16, the overcoating film 
36 is sufficiently planarized without being affected by the irregularities of the partition 
members 6 and the color filter layer 35 serving as a base component, and without being 
affected by the liquid repellency of the partition members 6, even in the case where the 
partition members 6 perform the liquid repellency, because the lyophilic film 16 covers 
over the partition members, thereby the overcoating film 36 will preferably perform the 
four functions as an overcoating film, one of which is to prevent disconnection of the 
upper electrodes 39 formed thereon. 

[0067] Furthermore, since the alignment film 38 (40) is provided on the 
electrodes 37 (39) arranged in a striped manner via the lyophilic film 15 (17), the 
alignment film 38 (40) is sufficiently planarized, without being affected by the 
irregularities due to the existence/non-existence of the electrodes 37 (39), serving as a 
base component, and by the difference in materials, thereby the rubbing treatment of 
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the alignment film 38 becomes easy and the treatment becomes uniform, and the 
characteristics of the liquid crystal are also uniform, as a result, display characteristics 
can be improved. 

[0068] Thus, since the overcoating film 36 and the alignment film 38 (40) as 
functional films are formed via the lyophilic film 15 (16, 17), the functional 
characteristics of the overcoating film 36 and the alignment film 38 (40) can be 
preferable in the liquid crystal display device 20, thereby the percentage of 
non-defective products can be improved and the time for forming films can be 
shortened. 

[0069] The lyophilic film forming device shown in Fig. 2 is used for 
forming the lyophilic film 15 (16, 17) in the above example, however, the invention is 
not limited to the example and various film forming devices, such as an 
electromagnetic wave irradiation device can be used for forming the lyophilic film. Fig. 
3 shows an ultraviolet irradiation device as the electromagnetic wave treatment device, 
the sign "150" denotes an ultraviolet irradiation device in Fig. 3. 

[0070] This ultraviolet irradiation device 150 includes a local exhaust hood 
151, a lamp house 152 disposed on an upper side within the local exhaust hood 151, a 
UV light source 153 disposed inside of the lamp house 152, and a synthetic quartz 
(silica glass) 154 disposed on the bottom surface of the lamp house 152. Here, as the 
UV light source 153, a xenon (Xe) lamp that irradiates an ultraviolet ray having 
wavelength of 1 72 nm is preferably used. By the way, the lamp house 1 52 is adapted so 
that nitrogen may be supplied into the lamp house 1 52 from a nitrogen source 1 55 via a 
flowmeter 156, and scrubber exhaust may be performed from inside of the lamp house 
152. 
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[0071] Further, inside of the local exhaust hood 151, a holder 157 is 
disposed on a lower side of the synthetic quartz 1 54. The holder 1 57 is formed in a box 
shape and is adapted so that the synthetic quartz (silica glass) 158 may be detachably 
mounted to its upper opening. Under the above structure, the holder 157 is adapted so 
that the substrate "S" may be removably accommodated therein, and an upper opening 
may be sealed with the substrate "S" so accommodated. 

[0072] Furthermore, an atmosphere generating device 160 is connected to 
the ultraviolet irradiation device 150. This atmosphere generating device 160 is 
connected to the holder 1 57 of the ultraviolet irradiation device 1 50 via a main pipe 161, 
and for supplying atmosphere forming gas into the holder 157. The atmosphere 
generating device 160 includes a nitrogen supply source 162 comprising a gas cylinder 
etc., a container 163 containing lyophilic film forming material, and an atmospheric 
pressure plasma device 164. The nitrogen supply source 162 is connected to the main 
pipe 161 via a pipe 165 and also connected to the container 163 via a branch pipe 166. 

[0073] The container 163 is a closed container storing, for example, 
n-decane as lyophilic film forming material, and the branch pipe 166 is disposed 
therein and extends below the liquid level of the n-decane. With the above structure, 
the nitrogen supplied by the branch pipe 166 is used for bubbling within the liquid of 
n-decane. By the way, as the lyophilic film forming material, in addition to straight 
chain saturated hydrocarbon such as n-decane, various materials such as ethers, 
alcohols, ketones, amines, and organic compounds having nitro group can be used. 
Further, a pipe 1 67 is connected to the container 1 63, and this pipe 1 67 branches so that 
one may be connected to the atmospheric pressure plasma device 164 and the other 
may be connected to the main pipe 161. 
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[0074] The atmospheric pressure plasma device 164 includes a 
high-frequency power supply 1 70 and a pair of high-frequency electrodes 1 72, 1 72 
with an insulative body 171 therebetween, as shown in Fig. 4(a), and includes a number 
of reaction chambers 173, partitioned along a direction of flow of the gas (lyophilic 
film forming material) supplied from the container 163, between the high-frequency 
electrodes 172, 172, as shown in Fig. 4(b). With the above structure, the atmospheric 
pressure plasma device 164 is adapted for generating plasma between the 
high-frequency electrodes 172, 172, i.e., in the reaction chambers 172 thereby exciting 
the gas (lyophilic film forming material) passing within the reaction chambers 173 into 
a highly activated state. 

[0075] Furthermore, the atmospheric pressure plasma device 164 has a gas 
exit side connected to the main pipe 161 . By the way, the main pipe 161, the pipe 165, 
the branch pipe 1 66, and the pipe 1 67 are provided with flow rate adjusting valves 1 74, 
respectively, for adjusting the flow rate of the gas flowing in the respective pipe. 

[0076] To form the lyophilic film 15(16, 1 7) on the base components of the 
substrate "S" by such atmospheric pressure plasma device 164, first, the atmosphere 
within the holder 157, in which the substrate "S" is placed, is changed into lyophilic 
film forming atmosphere by the atmosphere generating device 160. 

[0077] To create the lyophilic film forming atmosphere by the atmosphere 
generating device 160, the respective flow rate adjusting valves of the atmosphere 
generating device 1 60 are adjusted so that the nitrogen from the nitrogen supply source 
162 may bubble (vaporize) the lyophilic film forming material (n-decane) within the 
container 163, and the nitrogen including the vapor of the lyophilic film forming 
material is introduced into the atmospheric pressure plasma device 164, at a flow rate 
of 50 seem, for example. Then, the lyophilic film forming material in the nitrogen is 
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excited into the highly activated state within the atmospheric pressure plasma device 
164 and the nitrogen including the vapor of the lyophilic film forming material in this 
state is introduced into the holder 157. Here, as the condition in which plasma is 
generated by the atmospheric pressure plasma device 164, the generation is performed 
with the discharged power by the high-frequency power supply 1 70 set to 50 W and the 
frequency set to 23k Hz for example. 

[0078] As described above, after turning the atmosphere within the holder 
157 into the lyophilic film forming atmosphere, i.e., the atmosphere in which the 
lyophilic film forming material is excited in the highly activated state, an ultraviolet 
ray is irradiated from the UV light source 153. Then, by the ultraviolet ray passing 
through the lyophilic film forming atmosphere, the lyophilic film forming material 
excited to the highly activated state within the atmosphere is polymerized by receiving 
additional energy and becomes polyethylene, for example, to form the lyophilic film 1 5 
(16, 17) on the substrate "S." Such formation of the lyophilic film 15 (16, 17) is 
performed in a predetermined period, and when the lyophilic film 15 (16, 17) having a 
necessary thickness is formed, the introduction of the nitrogen including the vapor of 
the lyophilic film forming material is stopped and also the irradiation of ultraviolet ray 
is stopped. 

[0079] In the case where the lyophilic film 15 (16, 17) is formed by the 
ultraviolet irradiation device 150 as described above, since the ultraviolet irradiation 
device 150 is simple and less expensive relative to the plasma device etc., the 
manufacturing cost can be reduced with reduction of the device cost. Specifically, in 
the case where a large-scale substrate such as a mother board is treated, the plasma 
device is difficult to enlarge because the device cost is high, and thus, addressing the 
large-scale substrate is difficult, however, the electromagnetic wave irradiation device, 
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especially the ultraviolet irradiation device 1 50 is easy to enlarge because of its simple 
structure, etc., and thus, addressing the large-scale substrate becomes easy and 
productivity can be improved. 

[0080] Note that, in the above example, the ultraviolet irradiation device 
150 is used as the electromagnetic wave irradiation device, the invention is not limited 
to the device, and various devices can be used. For example, a laser device that has a 
laser light source for irradiation of a laser beam, or an electron beam device for 
irradiation of an electron beam can be used as the electromagnetic wave irradiation 
device. 

[0081] In the case where the laser device or the electron beam device is used, 
various lyophilic films can be formed by adjusting the irradiation energy of the laser 
beam and the electron beam to make the lyophilic film forming material correspond to 
the type and status thereof. 

[0082] Further, the atmosphere generating device 160 includes the 
atmospheric pressure plasma device 164 for exciting the vapor of the lyophilic film 
forming material in the highly activated state, however, the atmospheric pressure 
plasma device 164 is not necessarily provided in the invention. As a matter of course, 
a low-pressure plasma device can be used and any other devices, which could excite the 
vapor of the lyophilic film forming material in the highly activated state, can be used. 

[0083] Furthermore, in the above example, a liquid crystal display device is 
cited as a device of the invention to form the overcoating film and the alignment film as 
a functional film, however, the invention is not limited to the device and can be suitably 
applied to various devices such as an organic EL device, an electrophoretic device, a 
plasma display device, and further a device comprising various optical elements and 
semiconductor elements having a resistor, a capacitor, a transistor, a diode, a 
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semiconductor laser, when forming functional films in the devices. Also, it is needless 
to say that the present invention can be used when forming a metal wiring by 
discharging a wiring material (liquid material containing metal fine particles) by the 
ink jet technique in predetermined positions on the semiconductor substrate, for 
example. 

[0084] Figs. 5 and 6 show an example where the device of the present 
invention is applied to an active matrix type display formed by an organic EL device. 
In these drawings, the sign "1" denotes a display. 

[0085] Fig. 5 shows a plan diagram of a wiring structure of the display 1 of 
the example, and Fig. 6 show a plan diagram and a sectional diagram of the display 1 of 
the example. 

[0086] As shown in Fig. 5, the display 1 of the example has a structure in 
which a plurality of scanning lines 101, a plurality of signal lines 102 extending in a 
direction of intersecting the scanning lines 101, and a plurality of power supply lines 
103 extending parallel to the signal lines 102 are respectively wired, and pixel areas 
"A" are provided in the vicinities of respective intersections of the scanning lines 101 
and the signal lines 102. 

[0087] A data side driving circuit 104 including a shift register, a level 
shifter, a video line, and an analogue switch is connected to the signal lines 102. In 
addition, a scanning side driving circuit 105 including a shift register and a level shifter 
is connected to the scanning lines 101. 

[0088] Further, in each pixel area "A," a first thin-film transistor 122 to 
which a scanning signal is supplied to its gate electrode via the scanning line 101, a 
holding capacity cap holding a pixel signal shared from the signal line 102 via the first 
thin-film transistor 122, a second thin-film transistor 123 to which a pixel signal held 
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by the holding capacity cap is supplied to its gate electrode, a pixel electrode 
(electrode) 1 1 1 into which driving current flows from the power supply line 103 when 
electrically connected to the power supply line 103 via the second thin-film transistor 
123, and a light emitting portion 110 sandwiched between the pixel electrode 111 and a 
cathode (counter electrode) 12 are provided. A light emitting element includes the 
pixel electrode 111, the counter electrode 12, and the light emitting portion 110. 

[0089] According to the above structure, when the scanning line 101 is 
driven and the first thin-film transistor 122 is turned on, a potential of the signal line 
102 at that time is held in the holding capacity cap, and the second thin-film transistor 
123 is determined in on/off state according to the holding state of the holding capacity 
cap. Then, current flows from the power supply line 103 to the pixel electrode 1 1 1 via 
a channel of the second thin-film transistor 123, and the current flows to the cathode 12 
via the light emitting portion 1 1 0. The light emitting portion 1 1 0 emits light according 
to the amount of current flowing therethrough. 

[0090] Next, as shown in Figs. 6(a) and 6(b), the display 1 of the example 
has a transparent base plate 2 made of glass etc., light emitting elements (organic EL 
elements) arranged in a matrix form, and a sealing base plate. The light emitting 
elements formed on the base plate 2 are formed by the pixel electrodes 111, the light 
emitting portions 110, and the cathode 12 as described above. 

[0091] The base plate 2 is a transparent base plate of glass etc., for example, 
and partitioned into a display area 2a positioned at the center of the base plate 2 and a 
non-display area 2b located on a periphery of the base plate 2 and positioned on an 
outer side of the display area 2a. 

[0092] The display area 2a is an area formed by light emitting elements 
arranged in a matrix form, and also referred to as an effective display area. In addition, 
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the non-display area 2b is formed on the outer side of the display area. A dummy 
display area 2d neighboring the display area 2a is formed in the non-display area 2b. 

[0093] Further, as shown in Fig. 6(b), a circuit element section 14 is 
provided between a light emitting element section 11, constituted by light emitting 
elements and bank portions, and the base plate 2, and in the circuit element section 14, 
the scanning line, the signal line, the holding capacity, the first thin-film transistor, the 
second thin-film transistor 123, etc. described above are provided. 

[0094] Furthermore, the cathode 12 has an end connecting to a cathode 
wiring 12a formed on the base plate 2, and an end of this wiring is connected to a 
wiring 5a on a flexible substrate 5. The wiring 5a is connected to a driving IC 6 
(driving circuit) provided on the flexible substrate 5. 

[0095] In addition, as shown in Figs. 6(a) and 6(b), the above-described 
power supply lines 103 (103R, 103G, 103B) are disposed in the non-display area 2b of 
the circuit element section 14. 

[0096] Further, the above-described scanning side driving circuits 105, 105 
are disposed on both sides of the display area 2a as shown in Fig. 6(a). The scanning 
side driving circuits 105, 105 are provided within the circuit element section 14 on the 
lower side of the dummy area 2d. Furthermore, a control signal wiring 105a for driving 
circuit and a power supply wiring 105b for driving circuit, which are connected to the 
scanning side driving circuits 105, 105, are provided within the circuit element section 
14. 

[0097] Additionally, an inspection circuit 1 06 is disposed in the display area 
2a on the upper side in Fig. 6(a). Using this inspection circuit 106, inspection of 
quality and defects of display devices during manufacturing and before shipment can 
be performed. 
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[0098] Further, as shown in Fig. 6(b), a sealing section 3 is provided on the 
light emitting element section 1 1 . This sealing section 3 is constituted by sealing resin 
603 coated on the base plate 2 and a sealing base plate 604. The sealing resin 603 is 
made of thermosetting resin or ultraviolet cure resin, etc., and specifically, epoxy resin 
is suitable. 

[0099] This sealing resin 603 is annularly coated on a periphery of the base 
plate 2 by a micro dispenser, for example. The sealing resin 603 is for bonding the base 
plate 2 and the sealing base plate 604 and serves to prevent water or oxygen from 
entering inside of the sealing base plate 604 from between base plate 2 and sealing base 
plate 604 to prevent the cathode 1 2 or a light emitting layer (not shown) formed within 
the light emitting element section 1 1 from being oxidized. 

[0100] The sealing base plate 604 is made of glass or metal and bonded to 
the base plate 2 via the sealing resin 603, and a recess 604a for accommodating a 
display device 10 is provided on an inner side thereof. Further, a gettering agent 605 
for absorbing water, oxygen, etc. is attached to the recess 604a to absorb water or 
oxygen entering inside of the can sealing base plate 604. By the way, the gettering 
agent 605 may be omitted. 

[0101] Next, Fig. 7 shows a view in which a sectional structure of the 
display area in the display 1 is enlarged. Three pixel areas "A" are shown in Fig. 7. 
The display 1 is constituted by sequentially laminating the circuit element section 14, 
in which a circuit such as a TFT is formed, and the light emitting element section 1 1 , in 
which the light emitting portions 1 10 are formed, on the base plate 2. 

[0102] This display 1 is adapted so that the light emitted from the light 
emitting portion 110 to the base plate 2 side may be transmitted through the circuit 
element section 14 and base plate 2 and output to the lower side (observer side) of the 
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base plate 2, while the light emitted from the light emitting portion 110 to the opposite 
side of the base plate 2 may be reflected by the cathode 12, transmitted through the 
circuit element section 14 and the base plate 2, and output to the lower side (observer 
side) of the base plate 2. 

[0103] By the way, it is possible to output the light from the cathode 12 side 
by using a transparent material as the cathode 12. 

[0104] In the circuit element section 14, a base overcoating film 2c made of 
silicon oxidized film is formed on the base plate 2, and island-shaped semi-conductive 
films 141 made of polycrystalline silicon are formed on the base overcoating film 2c. 
Note that a source region 141a and a drain region 141b are formed on the 
semi-conductive film 141 by high concentration P ion implantation. A portion in which 
P is not introduced serves as a channel region 141c. 

[0105] Further, in the circuit element section 14, a transparent gate 
insulative film 142 covering the base overcoating film 2c and the semi-conductive 
films 141 is formed, gate electrodes 143 (scanning lines 101) made ofAl, Mo, Ta, Ti, W, 
etc. are formed on the gate insulative film 142, and a transparent interlayer insulative 
film 144 is formed to also serve as a planarizing film on the gate electrodes 143 and the 
gate insulative film 142 via a lyophilic film 18. 

[0106] Here, the interlayer insulative film 144 is planarized while being 
hardly affected by irregularities of the base components such as the gate electrodes 143 
because the lyophilic film 18 is formed below it in advance, therefore, the film 
performs uniform insulation characteristics over the entire layer to perform preferable 
insulation characteristics, and also serves as a planarizing film. Thus, the entire 
lamellation is enabled as compared with the case where both of the interlayer insulative 
film 144 and the planarizing film are formed. Note that the interlayer insulative film 
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144 may be constituted by laminating two layers and the power supply lines 103 may 
be disposed between the two layers, as shown in Fig. 7. Further, as forming material of 
the above interlayer insulative film, TEOS (Tetraethoxysilane) or various low 
dielectric materials such as porous silica, polyimide, and fluorocarbon are used. 
Furthermore, as a forming method of the lyophilic film 18, the method using the 
above-described device is adopted without change. 

[0107] Additionally, contact holes 145, 146 passing through the interlayer 
insulative film 144 and respectively connected to the source and drain regions 141a, 
141b of the semiconductive film are formed. 

[0108] Further, on the interlayer insulative film 144, transparent pixel 
electrodes 1 1 1 made of ITO etc. are formed by patterning in a predetermined form, and 
contact holes 1 45 are connected to the pixel electrodes 111. 

[0109] Furthermore, the contact holes 146 are connected to the power 
supply lines 103. 

[0110] Thus, the second thin-film transistors 123 connected to the 
respective pixel electrodes 111 are formed in the circuit element section 14. 

[0111] Note that the above-described holding capacity cap and the first 
thin-film transistor 122 are also formed in the circuit element section 14, however, the 
illustration thereof is omitted in Fig. 7. 

[0112] The light emitting element section 11 is mainly constituted by the 
light emitting portions 110 laminated on the respective plural pixel electrodes 111, 
bank portions 112 provided between the respective pixel electrodes 111 and the light 
emitting portions 110 and partitioning the respective light emitting portions 110, and 
the cathode 12 formed on the light emitting portions 110. 
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[0113] Here, the pixel electrodes 111 are made of ITO, for example, and 
formed by patterning in a substantially rectangular shape seen in a plan view. A 
thickness of the pixel electrode 1 1 1 is preferably in a range from 50 to 200 nm, and 
particularly, about 150 nm is more preferable. The bank portions 112 are provided 
between the respective pixel electrodes 111. 

[0114] The bank portion 112 is made by laminating an inorganic matter 
bank layer 1 12a (a first bank layer) located on the base plate 2 side and an organic bank 
matter layer 1 12b (a second bank layer) located apart from the base plate 2. 

[0115] The inorganic and organic bank layers (1 12a, 1 12b) are formed so as 
to be on the peripheries of the pixel electrodes 111. In a plan view, the peripheries of 
the pixel electrodes 1 1 1 and the inorganic matter bank layers 1 12a are positioned so as 
to be superposed in a plane. Further, the organic matter bank layers 1 12b are similarly 
positioned so as to be superposed on parts of the pixel electrodes 111 in a plane. 
Furthermore, the inorganic matter bank layer 112a is additionally formed toward the 
center side of the pixel electrode 111 relative to the organic matter bank layer 112b. 
Thus, since respective first lamination portions 112e of the inorganic matter bank 
layers 112a are formed on the inner side of the pixel electrodes 111, lower openings 
112c are formed, corresponding to the positions in which the pixel electrodes 111 are 
formed. 

[0116] Further, upper openings 1 12d are formed in the organic matter bank 
layers 1 1 2b. The upper openings 1 1 2d are provided so as to correspond to the positions 
in which the pixel electrodes 111 are formed and to the lower openings 112c. The 
upper opening 1 1 2d is formed so as to be larger than the lower opening 1 12c, as shown 
in Fig. 7, and smaller than the pixel electrode 111. Furthermore, sometimes the 
location of the upper portion of the upper opening 11 2d and the end of the pixel 
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electrode 111 are formed so as to be nearly in the same position. In that case, the 
section of the upper opening 11 2d of the organic matter bank layer 112b is in an 
inclined form, as shown in Fig. 7. 

[0117] And, in the bank portion 112, an opening 112g passing through the 
inorganic matter bank layer 112a and organic matter bank layer 112b is formed by 
communicating the lower opening 1 12c and the upper opening 1 1 2d. 

[0118] Further, the inorganic matter bank layer 112c is preferably made of 
inorganic material such as Si02 and Ti02. A thickness of the inorganic matter bank 
layer 1 1 2a is preferably set in a range from 50 to 200 nm, and specifically, desirably set 
to 1 50 nm. One reason is that, in the case where the thickness is less than 50 nm, since 
the inorganic matter bank layer 112a is thinner than a hole injection layer, which is 
described later, there is a possibility that the planarization of the hole injection layer 
can not be assured. The other reason is that, in the case where the thickness is more 
than 200 nm, since a step due to the lower opening 112c becoming large, there is a 
possibility that the planarization of a light emitting layer, which is described later, 
laminated on the hole injection layer can not be assured. 

[0119] The organic matter bank layer 112b is formed by a heat stable and 
solvent stable material such as acrylic resin and polyimide resin. A thickness of the 
organic matter bank layer 112b is preferably in a range from 0.1 to 3.5 |im, and 
particularly, about 2 jam is more preferable. One reason is that, in the case where the 
thickness is less than 0. 1 jam, since the organic matter bank layer 1 12b becomes thinner 
than the total thickness of the hole injection layer and the light emitting layer, which 
are described later, there is a possibility that the light emitting layer may overflow from 
the upper opening 11 2d. The other reason is that, in the case where the thickness is 
over 3.5 |um, since a step due to the upper opening 11 2d becoming large, there is a 
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possibility that a step coverage of the cathode 12 formed on the organic matter bank 
layer 1 1 2b can not be assured. Further, if the thickness of the organic matter bank layer 
1 12b is set to 2 jam or more, it is more preferable because the insulation to the second 
thin-film transistor 123 can be improved. 

[0120] Additionally, areas showing a lyophilic property and areas showing 
liquid repellency are formed in the bank portion 112. 

[0121] The areas showing a lyophilic property are the first lamination 
portion 1 1 2e of the inorganic matter bank layer 1 12a and an electrode surface 1 1 la of 
the pixel electrode 111, these areas are surface treated so as to have a lyophilic property 
by plasma treatment with oxygen as treatment gas. In addition, the areas showing 
liquid repellency are a wall surface of the upper opening 11 2d and an upper surface 
1 1 2f of the organic matter bank layer 112, and these areas have surfaces fluorinated 
(liquid-repellent treated) by plasma treatment with tetrafluoromethane etc. as treatment 
gas. By the way, the organic matter bank layer may be formed by material including 
fluoropolymer. 

[0122] In the light emitting portion 1 10, in this example, a red pixel R and a 
green pixel G are constituted by a hole injection layer laminated on the pixel electrode 
1 1 1 and a light emitting layer formed on the hole injection layer. A blue pixel B is 
constituted by a hole injection layer laminated on the pixel electrode 111, a hole 
transport layer formed on the hole injection layer, a light emitting layer formed on the 
hole transport layer, and an electron transport layer formed on the light emitting layer. 
That is, in the example, the light emitting layers in the red pixel R and the green pixel G 
are formed by high molecular material as described later, and the light emitting layer in 
the blue pixel B is formed by low molecular material. By the way, in the pixel R and 
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the green pixel G, an electron injection transport layer etc. may also be formed 
adjacently to the light emitting layer. 

[0123] The hole injection layer and the hole transport layer have a function 
of injecting a hole into the light emitting layer, and a function of transporting the hole 
inside thereof. By providing such hole injection layer and hole transport layer between 
the pixel electrode 1 1 1 and the light emitting layer, element characteristics such as the 
light emitting efficiency of the light emitting layer and duration of life can be improved. 
Further, the light emitting layer is adapted so that the hole injected from the hole 
injection layer and the hole transport layer and the electron injected from the cathode 
12 may be recombined to emit light. 

[0124] The light emitting layer is formed on the hole injection layer and the 
hole transport layer. Such light emitting layer is constituted by three kinds of layers of 
a red light emitting layer that emits light in red (R), a green light emitting layer that 
emits light in green (G), and a blue light emitting layer that emits light in blue (B), and 
the light emitting layers of respective colors are arranged in a striped manner for 
example. 

[0125] Here, since the electrode surface 1 1 la of the pixel electrode 1 1 1 and 
the first lamination portion 112e of the inorganic matter bank layer have a lyophilic 
property, the light emitting portion 110 uniformly adheres to the pixel electrode 111 
and the inorganic matter bank layer 112a, and the light emitting portion 110 does not 
become extremely thin on the inorganic matter bank layer 112a, therefore, the short 
circuit of the pixel electrode 1 1 1 and the cathode 12 is prevented. 

[0126] Further, since the upper surface 1 1 2f of the organic matter bank layer 
112b and the wall surface of the upper opening 11 2d have liquid repellency, the 
adhesion of the light emitting portion 110 and the organic matter bank layer 112b 
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becomes low, and the light emitting portion 110 is formed while preventing its 
overflowing from the opening 112g. 

J0127] The cathode 12 is formed on the entire surface of the light emitting 
element section 1 1 in the example, and forms a pair with the pixel electrode 1 1 1 to 
allow current to flow in the light emitting portion 110. This cathode 12 is formed by 
LiF/Al (laminated film of LiF and Al), MgAg, or LiF/Ca/Al (laminated film of LiF, Ca, 
and Al) in the example. 

[0128] Note that, on such cathode 12, an antioxidant overcoating layer 
made of SiO, Si02, SiN, etc. may be provided. 

[0129] Then, the display 1 is constituted by disposing the sealing base plate 
604 on the light emitting elements formed as described above, and bonding the sealing 
base plate 604 by the sealing resin 603, as shown in Fig. 6(b). 

[0130] In the above display 1, since the interlayer insulative film 144 is 
formed via the lyophilic film 18, the interlayer insulative film 144 performs uniform 
insulation characteristics over the entire layer to perform preferable insulation 
characteristics, and becomes to also serve as a planarizing film. Therefore, the display 
has preferable display characteristics, thereby effects such as an improvement of 
percentage of non-defective product can be improved. 

[0131] Note that, in the example, the functional film of the present 
invention is described in the case where the film is applied to an interlayer insulative 
film also serving as a planarizing film, however, as a matter of course, the lyophilic 
film may be formed as a base film of the functional film as the interlayer insulative film 
or the planarizing film. 

[0132] Electronic Instruments 
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[0133] Examples of electronic instruments comprising the device of the 
above-described embodiment will be described. 

[0134] Fig. 8 is a perspective view illustrating an example of a cellular 
phone. In Fig. 8, the sign "1000" denotes a cellular phone main body, and the sign 
"1001" denotes a display constituted by the device. 

[0135] Fig. 9 is a perspective view illustrating an example of a wrist watch 
type electronic instrument. In Fig. 9, the sign "1 100" denotes a watch main body, and 
the sign "1101" denotes a display constituted by the device. 

[0136] Fig. 10 is a perspective view illustrating an example of a portable 
information processing device such as a word processor and a personal computer. In 
Fig. 10, the sign "1200" denotes information processing device, the sign "1202" 
denotes an input section such as a keyboard, the sign "1204" denotes information 
processing device main body, and the sign "1206" denotes a display constituted by the 
device. 

[0137] The electronic instruments shown in Figs. 8 to 10 comprise the 
device of the above embodiment, and thus have preferable display characteristics, and 
the productivity will be improved because of the improvement in the percentage of 
non-defective product, etc. Further, as other examples of electronic instruments, 
various electronic instruments such as a liquid crystal device, an electronic organizer, a 
pager, a POS terminal, an IC card, a mini-disc player, a liquid crystal projector, an 
engineering work station (EWS), a word processor, a television, a video tape recorder 
of viewfinder type or monitor direct view type, a electronic desktop calculator, a car 
navigation system, a device with a touch panel, a clock, a game machine, and an 
electrophoretic device can be cited. 
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[0138] As described above, according to the present invention, since a 
lyophilic film is formed on a base component and a functional film is provided on the 
lyophilic film, the functional film can be planarized and the thickness thereof can be 
made uniform by uniformly spreading the film. Therefore, since the functional film is 
formed to be planarized and uniformly thick, the functional characteristics of the 
functional film can be preferable. Thus, beneficial effects such as the improvement of 
percentage of non-defective products and the shortening of the time for forming the 
film can be realized. 

[0139] The entire disclosure of Japanese Patent Application No. 
2002-311051 filed October 25, 2002 is incorporated by reference. 
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